Fluorescent labeling of proteins in living cells using the FKBP12 (F36V) tag.
Over the past decade live cell imaging has become a key technology to monitor and understand the dynamic behavior of proteins in the physiological context of living cells. The visualization of a protein of interest is most commonly achieved by genetically fusing it to green fluorescent protein (GFP) or one of it variants. Considerable effort has been made to develop alternative methods of protein labeling to overcome the intrinsic limitations of fluorescent proteins. In this report we show the optimization of a live cell labeling technology based on the use of a mutant form of FKBP12 (FKBP12(F36V)) in combination with a synthetic high affinity ligand (SLF') that specifically binds to this mutant. It had been previously shown that the use of a fluorescein-conjugated form of SLF' (5'-fluorescein-SLF') allowed the labeling of proteins genetically fused to FKBP-F36V in living cells. Here we describe the identification of novel fluorescent SLF'dye conjugates that allow specific labeling of FKBP12(F36V) fusion proteins in living cells. To further increase the versatility of this technology we developed a number of technical improvements. We implemented the use of pluronics during the labeling process to facilitate the uptake of the SLF'-dye conjugates and the use suppression dyes to reduce background signal. Furthermore, the time and dose dependency of labeling was investigated in order to determine optimal labeling conditions. Finally, the specificity of the FKBP12(F36V) labeling technology was extensively validated by morphological analysis using a diverse set of FKBP12(F36V) fusions proteins. In addition we show a number of different application examples, such as translocation assays, the generation of biosensors, and multiplex labeling in combination with different labeling technologies, such as FlAsH or GFP. In summary we show that the FKBP12(F36V)/SLF' labeling technology has a broad range of applications and should prove useful for the study of protein function in living cells.